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Abstract
Nelson’s syndrome is a  rare condition of enlarging pituitary mass lesion producing ACTH that can 

develop after total bilateral adrenalectomy (TBA) in patients with Cushing’s disease. It is characterized 

by hyperpigmentation of the skin and mucous membranes and elevated plasma levels of ACTH. In this 

clinical review, the diagnosis and treatment strategies of patients with Nelson’s syndrome including 

surgery, radiation, and pharmacotherapy are presented.
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Introduction
Nelson’s syndrome (NS) is an aggressive enlargement of pitui-

tary corticotroph tumour in Cushing’s syndrome patients follow-

ing a total bilateral adrenalectomy. Its prevalence is reported at 

8–43% in adult patients and 25–66% in the paediatric popula-

tion [1, 2]. It typically develops within 15 years from the removal 

of adrenals, although NS has also been reported to occur up to  

24 years after the surgery [1].

NS was first described in 1958. The case of a 33-year old female 

patient was presented in whom characteristic symptoms were 

seen 3 years after a bilateral adrenalectomy, including hyperpig-

mentation of the skin, impaired field of view, elevated plasma 

levels of adrenocorticotropic hormone (ACTH) and an invasive 

pituitary tumour discovered in a radiogram [4].

At present, due to the high success-rate of surgical procedures, 

including primarily selective transsphenoidal adenomectomy, 

and the use of medication directly affecting the pituitary tu-

mour (pasireotide, cabergoline), bilateral adrenalectomies are 

performed less frequently which translates into lower NS inci-

dence.

Etiopathogenesis of Nelson’s syndrome
The factor behind development of Nelson’s syndrome is the pres-

ence of a pituitary corticotroph tumour. Such tumours typically 

include microadenomas of which even 50% may be smaller in 

size than 5 mm. In some cases, this creates difficulties in identify-

ing the location of lesions in magnetic resonance imaging (MRI) 

scans of the pituitary gland in patients with persistent somatic 

symptoms of hypercortisolaemia. The inability to identify the tu-

mour location in an MRI study, and later during exploration of 

the sella turcica, makes the surgery less successful. When chronic 

hypercortisolaemia cannot be effectively managed by medica-

tion (which is a  life-threatening condition), a  bilateral removal 

of adrenal glands becomes necessary. It eliminates the negative 

feedback (partly retained in Cushing’s syndrome) while high cor-

tisol levels inhibit the growth of a pituitary corticotroph tumour. 

After the surgery, patients routinely receive low doses of hydro-

cortisone (25–35 mg) which might be insufficient; for this reason, 

some patients develop NS. A similar mechanism is observed in 

patients with pituitary micro- or macroadenomas which location 

has been determined precisely, but which cannot be completely 

removed due to their position or invasion of adjacent structures.

However, NS only develops in some, not all, patients who have 

undergone bilateral adrenalectomy. The development is condi-

tional on individual traits of the tumour such as its growth poten-

tial and invasiveness. Clinical observations suggest that NS more 

frequently develops in patients with a history of rapidly progress-

ing Cushing’s disease.

Symptoms of Nelson’s syndrome
The disorder’s clinical symptoms associated with the enlarging 

tumour include headaches, impaired field of view and cranial 

nerves palsy. The most frequent symptom seen in the majority 

of patients is hyperpigmentation of the skin and mucous mem-

branes. This follows from the high levels of ACTH affecting mel-

anocyte-stimulating hormone receptors in the skin. Other, less 

frequent symptoms, include: pituitary stroke and insufficiency, 

and growth of ovarian and testicular tumours emanating from 

the ectopic adrenal tissue under the influence of rising ACTH lev-

els after bilateral adrenalectomy [6–8].

Clinical symptoms appear relatively late and this is why at pres-

ent the diagnostic process is mostly based on imaging studies 

such as MRI and computed tomography (CT), as well as hormo-

nal tests, all of above makes it more possible to diagnose NS at 

earlier stage.

In terms of biochemical traits, Nelson’s syndrome is characterised 

by elevated plasma levels of ACTH which keep growing after bi-

lateral adrenalectomy. In patients with Nelson’s syndrome, basal 

ACTH secretion may be increased even six-fold and pulsatile se-

cretion nine-fold relative to levels in Cushing’s disease patients 

[9]. In order to test ACTH levels, a  sample of blood should be 

taken at 8 am before the morning dose of glucocorticoids and  

20 hours after the last dose received [10], and another blood 

sample should be taken 2 hours after administering the morning 

dose of glucocorticoids. 

In a radiological study, the typical feature of Nelson’s syndrome 

is an enlarging pituitary tumour [11]. MRI scans reveal tumours 

measuring even 3 mm in diameter, which makes it possible to di-

agnose the disorder at an early stage of progression [11]. An MRI 

study is recommended to be performed for each patient who 

has undergone a bilateral adrenalectomy. The first study should 

be performed 3 months after the surgery [11], followed by MRI 

scans performed every 6 months for two years, and later once 

a year till the end of the patient’s life.

Diagnostic criteria of Nelson’s syndrome
Early diagnosis of Nelson’s syndrome is very important due to the 

rapid and invasive growth of the tumour. The disorder is usually 
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manifested by a  triad of symptoms, including hyperpigmenta-

tion of the skin, enlarging pituitary tumour after adrenalectomy 

and elevated plasma levels of ACTH. However, no uniform and 

universally accepted criteria have been defined.

In particular, hyperpigmentation of the skin and mucous mem-

branes raises concerns due to the fact that the assessment is 

subjective and no correlation has been proven to exist between 

ACTH levels and the darkening of the skin [12]. For this reason, 

the basic diagnostic criteria of Nelson’s syndrome no longer in-

clude clinical manifestations of the disorder.

It seems that a  history of persistent Cushing’s disease treated 

with bilateral adrenalectomy can be assumed to be an essential 

criterion for the initial diagnosis of NS. Barber et al. propose that 

one of the two following criteria must be met in order to diag-

nose NS in this group of patients:

1.	 Radiologically confirmed (by a pituitary MRI scan) progress-

ing growth of corticotroph tumour relative to its size from 

before a bilateral adrenalectomy.

2.	 Plasma ACTH level (after bilateral adrenalectomy) exceeding 

500 ng/l in a sample collected at 8 am before the adminis-

tration of a  hydrocortisone replacement dose, in addition 

to progressive elevations of ACTH on at least 3 consecutive 

blood samples by at least 30% relative to the basal level 

measured following an adrenalectomy [13].

Diagnostic imaging techniques
The method of choice for Nelson’s syndrome imaging is MRI  

(fig. 1). When diagnosing NS, it is important to have access to 

initial imaging studies from the time of diagnosing Cushing’s 

disease as well as those from after its surgical treatment, if any. 

These aid a precise assessment and classification of corticotroph 

tumour growth after a bilateral adrenalectomy.

Computed tomography should only be used in case of pituitary 

tumours, including for the purpose of diagnosing Nelson’s syn-

drome, when an MRI study is contraindicated.

Other imaging techniques include: somatostatin receptor scin-

tigraphy (in Poland performed using a 99mTc-Tektrotyd) and 

positron emission tomography (PET) using an 11C-labeled me-

thionine analogue. Due to the high concentration of glucose in 

healthy brain tissue, an 18F-deoxyglucose (FDG) PET scan has 

a limited diagnostic value [14, 15, 31].

A

B
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Figure 1.
Corticotroph tumours in patients with Nelson’s syndrome documented 
by MRI. A. a  coronal view of a  corticotroph microadenoma (T1 + con-
trast agent) revealed in a  patient with Cushing’s disease post bilateral 
adrenalectomy in whom previously no abnormalities could be detected 
by means of MRI. B. and C. an invasive corticotroph macroadenoma in 
a patient after a bilateral adrenalectomy, involving a suprasellar exten-
sion, destruction of the bottom of sella turcica, compression of the optic 
chiasm and invasion of the right cavernous sinus (T1 + contrast agent;  
B. – coronal view, C. – sagittal view).
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Treating Nelson’s syndrome
A  surgical removal of the tumour using a  transsphenoidal or 

transcranial (craniotomy) approach is the treatment of choice in 

Nelson’s syndrome. Like in the case of other pituitary tumours, 

the success rate of surgical treatment of NS depends on the size 

of the tumour and its relation to adjacent structures, in particu-

lar invasion of cavernous sinuses (graded in accordance with 

the Knosp scale). Surgical treatment may have to be performed 

multiple times when tumours are large, invasive and infiltrate ad-

jacent tissue. This is associated with the fact that the procedure 

is incomplete, and that tumours grow back due to elimination 

of the negative feedback as a result of prior removal of adrenal 

glands [3, 5]. The surgery may lead to complications, such as 

multiple pituitary hormone deficiency, cerebrospinal fluid rhin-

orrhoea and meningitis [5].

Radiotherapy may be used in Nelson’s syndrome on an adju-

vant basis following incomplete and, frequently, repeated sur-

gical treatment. However, it should be noted that radiotherapy 

takes a  long time to produce an effect, up to several years at 

times, and it may lead to such complications as neuropathy of 

the optic nerve, hypopituitarism, cerebral oedema and radia-

tion-induced encephalitis [5]. To reduce the risk of complica-

tions, fractionated stereotactic radiotherapy (FSRT) or proton 

therapy are often used. With a  view to protecting the optic 

nerve from damage by the prescribed ionising radiation dose 

(45–50 Gy), radiotherapy is administered in fractionated doses 

of 1.8–2.0 Gy [17, 41, 42].

Routinely administered radiotherapy of pituitary corticotroph 

tumours following bilateral adrenalectomy (performed by 

certain centres) is an area of controversy, and is not deemed 

to be the standard of care for lack of medical proof of its effi-

cacy [18].

Pharmacological treatment
Historically, a range of different products were studied and used 

to treat Nelson’s syndrome. Rosiglitazone is a  PPAR agonist. In 

mice models, rosiglitazone in doses of 150 mg per kilogram of 

body mass has been proven to repress POMC mRNA transcrip-

tion in corticotropic cells [19] and to cause cell apoptosis in vitro 

while in vivo it has been shown to reduce ACTH secretion [19]. 

However, studies on human subjects have not confirmed this 

drug’s efficacy in Nelson’s syndrome. Similarly, the efficacy of 

sodium valproate and cyproheptadine has not been definitively 

established [21].

On the other hand, a new multi-receptor somatostatin analogue 

(pasireotide), acting on SSTR 1, 2, 3 and 5, shows an inhibitory 

effect on ACTH secretion in corticotropic cells of patients with 

Cushing’s disease in vitro [22]. Katznelson used pasireotide LAR in 

a Nelson’s syndrome patient and decreased ACTH secretion and 

skin hyperpigmentation as well as reduced the tumour volume 

to the extent visible in an MRI study [20].

Daniel et al. demonstrated a significant reduction of ACTH level 

and a  clinical improvement in a  group of 7 Nelson’s syndrome 

patients, however the volumes of pituitary tumours did not 

decrease significantly. It seems that further studies need to be 

made (or a  meta-analysis of the data) to examine the effect of 

pasireotide LAR on pituitary tumour size in NS [23].

Dopamine agonists
Expression of dopamine receptors is seen in pituitary corti-

cotroph adenomas, which is why dopamine agonists are used 

for their treatment. Previously, cabergoline, a selective D2-dopa-

minergic receptors agonist, has been shown to be moderately 

efficacious in treating Cushing’s disease [24]. There are single 

reports which demonstrate efficacy of cabergoline (but not bro-

mocriptine) in reducing ACTH levels and achieving a clinical im-

provement in Nelson’s syndrome. This matter needs to be further 

investigated [24–26].

Temozolomide 
Temozolomide (TMZ) is an alkylating agent, used mostly for 

treatment of polymorphic gliomas as an adjuvant therapy to in-

complete surgical treatment. Temozolomide has been reported 

C
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to be efficacious in treating invasive pituitary tumours, particu-

larly when the tumours exhibited a low MGMT (0-6-methylgua-

nine-DNA methyltransferase) expression [16, 27].

TMZ’s efficacy varies; it may lead to a rapid and marked tumour 

shrinkage, a moderate reduction of tumour mass or a tumour size 

stabilisation, or it may inhibit its further growth [29]. McCormack 

et al. suggest that ACTH-secreting pituitary tumours are among 

those that show the best response to TMZ treatment, with suc-

cess rates reaching as much as 60% [28]. In studies conducted by 

Raverot et al., ACTH secretion was reduced by 67% and tumour 

mass decreased by 56% in patients with a corticotroph tumour 

following a TMZ therapy [27]. Similar data was also presented by 

other authors [30]. However, using temozolomide to treat NS re-

quires further studies to be conducted, and its place in NS thera-

py remains yet to be clearly defined.

Summary
Nelson’s syndrome is a complication of a bilateral adrenalectomy 

used as a radical treatment of persistent ACTH-dependent hyper-

cortisolaemia which cannot be controlled by other methods. Due 

to advancement in diagnostic imaging as well as surgical and 

pharmacological therapies (including those that act directly on 

the pituitary tumour), NS is currently less frequently diagnosed 

than in the past. However, it remains to be a challenge for both 

endocrinologists and neurosurgeons. Selective transsphenoidal 

removal of the tumour by an experienced neurosurgeon is still 

considered to be the treatment of choice, while large tumours 

are removed using a  transcranial approach. Radiotherapy may 

be used on an adjuvant basis, if necessary. In terms of pharma-

cotherapies, pasireotide LAR, a second-generation somatostatin 

analogue, shows promising outcomes but further studies need 

to be conducted to obtain a conclusive confirmation.
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